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Abstract: Banded herbicide applications with hooded field sprayers (HFS) provide safer applications in many crops. The aim of this paper
is to show the effectiveness and safeness of selective and nonselective herbicide applications in a conventional sunflower production
system (CSPS) using a combined hooded field sprayer (CHFS). Glyphosate interrow and aclonifen or quizalofop-P-ethyl intrarow were
applied in fields cropped with nonglyphosate-resistant sunflower varieties in Ankara, Tekirdağ, and Tokat Provinces of Turkey in 2015
and 2016. In Ankara and Tekirdağ, glyphosate caused limited injury to sunflower at 28 days after treatment (DAT), and aclonifen created
transient phytotoxicity in 2015. Glyphosate was applied with aclonifen at 1.44 + 0.75 and 2.88 + 0.75 kg ai ha−1 or quizalofop-P-ethyl
1.44 + 0.05 and 2.88 + 0.05 kg ai ha−1 using band application units of CHFS together. Aclonifen and quizalofop-P-ethyl were also used
at 0.75 and 0.05 kg ai ha−1, respectively, using the conventional application unit of CHFS. Glyphosate + aclonifen (1.44 + 0.75 and 2.88 +
0.75 kg ai ha−1) provided higher weed control and sunflower seed yield compared with the other treatments. Aclonifen (0.75 kg ai ha−1)
controlled many competitive arable weeds and increased sunflower seed yield, except in Tokat in 2016, where common cocklebur was
present in the field, which is not in the range of aclonifen. Weed control by glyphosate + quizalofop-P-ethyl (1.44 + 0.05 and 2.88 + 0.05
kg ai ha−1) was limited because broadleaf weeds covered the sunflower fields where the trials were conducted. Quizalofop-P-ethyl (0.05
kg ai ha−1) alone and untreated control were associated with the lowest sunflower seed yield. It is concluded that banded application of
glyphosate is safe and effective in sunflowers. Applying glyphosate with aclonifen and quizalofop-P-ethyl with CHFS helps to save time
and money, and mitigate CO2 emission.
Key words: Sunflower, weed control, aclonifen, glyphosate isopropylamin salt, quizalofop-P-ethyl, hooded field sprayer

1. Introduction
Sunflower (Helianthus annuus L.) is a valuable oilseed
crop cultivated in North America, Europe, and Asia for
more than 100 years. The crop is mainly grown for seed
oil and animal feed (Kaya et al., 2012), but other uses
include ornamental, medicinal, and biodiesel purposes in
some countries such as Pakistan, USA, and Serbia (Arshad
and Amjad, 2012; Burnett, 2017; Đurišić-Mladenović et
al., 2018). Most of the world’s sunflower seed production
occurs in Asian and European countries where the
agroecological conditions are favorable for sunflower
growth and development (Kaya et al., 2008). Ukraine and
Russia lead the world in terms of sunflower seed export,
while Turkey is the leading importer of the seed in spite
of growing it in large quantities (http://www.sunflowernsa.
com/stats/world-supply/ [accessed on 17 April 2013]).
Different pests and abiotic factors can adversely affect
sunflower seed yield throughout the growing season.
Among the biological yield-limiting factors, weeds are

particularly important because they compete with sunflower
plants for space, light, nutrients, and water (Sedghi et al.,
2008). Significant yield losses due to broadleaf weeds
such as kochia (Kochia scoparia L.), wild mustard (Sinapis
arvensis L.), field bindweed (Convolvulus arvensis L.), and
common cocklebur (Xanthium strumarium L.); grasses
such as large crabgrass (Digitaria sanguinalis (L.) Scop.)
and johnsongrass (Sorghum halepense (L.) Pers.); and
parasitic plants, including broomrape (Orobanche spp.),
have been reported (Çoruh and Zengin, 2009; Olson et al.,
2011; Başaran et al., 2017). Although nonchemical weed
control practices like mechanical methods or herbicide
combined with them have been employed in conventional
crop production systems, (CSPS) such as maize, sunflower,
and soybean (Pannacci and Tei, 2014), chemical weed
control practices have commonly been preferred during
the last half century (Kraehmer et al., 2014).
In some crops, such as wheat (Triticum aestivum L.),
numerous herbicides belonging to different chemical
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classes have been used, but few herbicides have been
approved for weed control in sunflower in Turkey (http://
www.bku.tarim.gov.tr [last accessed on 16 July 2017]). In
addition, several herbicides registered in Turkey and the
European Union for weed control in sunflower have been
banned and discontinued in the last decade (Kraehmer
et al., 2014). Aclonifen can effectively control important
agricultural weeds such as common chickweed (Stellaria
media (L.) Vill.), common lambsquarters (Chenopodium
album L.), wild mustard, wild buckwheat (Fallopia
convolvulus (L.) A. Löve.), annual bluegrass (Poa annua L.),
and barnyardgrass (Echinochloa crus-galli (L.) P. Beauv.),
while quizalofop-P-ethyl is recommended for controlling
mainly grass weeds such as bermudagrass (Cynodon
dactylon (L.) Pers.), johnsongrass, bristly foxtail (Setaria
verticillata (L.) P. Beauv.), barnyardgrass, and blackgrass
(Alopecurus myosuroides Huds.) (http://www.bku.tarim.
gov.tr [last accessed on 16 July 2017]). Unlike aclonifen and
quizalofop-P-ethyl, glyphosate is widely used to control
not only annual but also perennial broadleaf and grass
weeds in agricultural and nonagricultural areas (http://
www.bku.tarim.gov.tr [last accessed on 16 July 2017]).
Introducing new herbicides to the market and
developing new herbicide spraying techniques are of
prime importance for sustainable sunflower production.
New herbicides could provide a long-term solution, but
the time from their development to availability in the
market may be more than a decade, at a cost of more than
$200 million (Kaymak and Serim, 2015). In contrast, new
spraying techniques offer a cost-effective option that can
be put into practice in a relatively short time.
Herbicide applications in sunflower have generally
been implemented by using a conventional field sprayer
equipped with a flat fan or hollow cone nozzles. This type of
sprayer is suitable for applying total or selective herbicides
at the soil surface or the surface of the sunflower canopy,
but the application ability for interrows in a conventional
crop production system is very limited. Hooded Field
Sprayer (HFS) has put forward an opportunity for farmers
to control weeds in row-seeded crops with reduced rates
of herbicides (Reddy and Koger, 2004; Carballido et al.,
2013) or total herbicides unregistered for these fields
(DeFelice and Oliver, 1980; Serim et al., 2016). Griffin et
al. (2012) evaluated the performance of various types of
hooded sprayers to control bermudagrass in sugarcane
with glyphosate and indicated that there were no
differences between treated and untreated plots in terms
of sugarcane height and shoot population in the following
year. Use of herbicide selectively in the bands provided
a saving of more than half of the total herbicide applied
preemergence compared to conventional application
(Eadie et al., 1992). Svečnjak et al. (2009) reported that
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banded herbicides caused substantial increase in maize
yield compared to untreated control because of controlling
in-row weeds effectively even if this treatment could not
reach effectiveness of broadcast herbicide application.
Application time of herbicide to the weed seedling is
another important factor that can affect the efficacy of
banded application. When banded linuron treatment was
done at the earlier seeding stages, it procured comparable
crop yield to linuron broadcast (Main et al., 2013). They
concluded that preferring banding application technology
to control weeds may decline herbicide load on the
environment and herbicide cost by two-third.
A CHFS provides the opportunity to control
problematic inter-row weeds using unregistered total
herbicides, such as glyphosate or glufosinate. Weed control
with glyphosate in CSPS can be easily performed through
hooded field sprayers. The aim of this study was to improve
weed control in a CSPS with glyphosate inter-row and
with selective herbicides (aclonifen or quizalofop-P-ethyl)
intra-row using a new type of field sprayer combining
hooded and conventional types.
2. Materials and methods
Field experiments were conducted in three locations
(Tekirdağ Viticulture Research Institute Research Farm,
Middle Black Sea Transitional Zone Agricultural Research
Institute Research Farm, Tokat and commercial growers’
fields in Ankara) during 2015 and 2016. Different
sunflower varieties recommended to the certain region,
i.e. Sanay in Tekirdağ, Colombi in Ankara, and Bosfora in
Tokat were seeded in 70–72 cm spaced rows. Experimental
plots consisted of five rows of sunflower and were 3 ×
10 m. One-meter-wide and 2-m-wide alleys were left
between plots and blocks, respectively. Temperatures at
the experimental sites during the experiments remained
near average. Precipitation in Tekirdağ was around the
average for a long period of time, while it was higher than
average for a long period of time at the other sites (Figure
1). Soils were silty loam with 1.77% organic matter and pH
7.6, and silty loam with 1.15% organic matter and pH 8.03
in Tekirdağ and Tokat, respectively. The soil in Ankara was
also silt loam with 1.59% organic matter and pH 7.85. Data
related to the agronomic practices and measurements are
presented in Table 1.
The experiments were established as complete
randomized block design with four replicates. Commercial
products of glyphosate isopropylamine salt (480 g L–1),
aclonifen (600 g L–1), and quizalofop-P-ethyl (50 g
L–1) were used in the experiments at V2-V4 stages of
sunflower. Herbicides were selected from the most widely
used herbicides in Turkey (https://www.tarim.gov.tr/
Konu/1239/2001-2013-Yillari-Bitki-Koruma-Urunleri-
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Figure 1. Mean monthly and average rainfall and temperatures at the field experiment sites in 2014–2016 and long-term averages.

ve-Hammaddelerinin-%C4%B0statistiki-Bilgileri
[last
accessed on 8 April 2018]). Treatments consisted of
glyphosate + aclonifen (1.44 kg ai ha−1 + 0.75 kg ai ha−1),
glyphosate + quizalofop-P-ethyl (1.44 kg ai ha−1 + 0.05 kg
ai ha−1), glyphosate + aclonifen (2.88 kg ai ha−1 + 0.75 kg
ai ha−1), glyphosate + quizalofop-P-ethyl (2.88 kg ai ha−1 +
0.05 kg ai ha−1), aclonifen (0.75 kg ai ha−1), and quizalofop-

P-ethyl (0.05 g ai ha−1). An untreated control was included
for comparisons of weed control efficacy.
A crop hooded sprayer was designed for row
applications (Figure 2) and used in the experiments. The
sprayer had three sprayer booms: the first one carried
hooded units with even flat nozzles to control interrow
weeds, the second one held even flat nozzles (Teejet

356
Published by Research Showcase @ UMarin, 2018

3

TURKISH JOURNAL OF AGRICULTURE AND FORESTRY, Vol. 42 [2018], No. 5, Art. 6
SERİM et al. / Turk J Agric For
Table 1. Dates of agronomic practices applied, herbicide treatments, and efficacy measurements at
trial sites.
Applications

2015

2016

Ankara

Tekirdağ

Ankara

Tokat

First soil tillage

23.10.2014

29.09.2014

26.11.2015

18.11.2015

Second soil tillage

24.04.2015

14.04.2015

10.04.2016

04.04.2016

Sowing

28.04.2015

03.05.2015

16.04.2016

07.04.2016

Herbicide treatment

02.07.2015

09.06.2015

17.06.2016

16.05.2016

Efficacy measurement

30.07.2015

07.07.2015

16.07.2016

12.06.2016

Harvest

24.10.2015

10.09.2015

16.10.2016

27.08.2016

TP8001EVS-TP8002EVS) to eliminate intrarow weeds,
and the third one consisted of standard flat fan nozzles
used for conventional spraying. The sprayer had two tanks
and was connected to two electrical sprayer pumps, one
for glyphosate and the other for selective herbicide. The
hooded unit was mounted with two even flat nozzles that
were 550 mm in width, 295 mm in height, and 400 mm in
length. The nozzles were placed on the first boom parallel
to each other, 700 mm apart in 2015 and 720 mm apart in
2016, depending on row spaces. Space between the hooded
units was sprayed using the second boom. Spray pressure
was 200 kPa in all trials, and spray volumes were held at
318.8 and 296.2 L ha−1 and at 255.6 and 285.6 L ha−1 in 2015
and 2016 depending on field condition, respectively.
Crop injury caused by herbicides was evaluated 28
days after treatment (DAT), and shikimic acid levels in
sunflower seedlings were determined 2 DAT to check
whether sunflower plants were exposed to glyphosate drift.
Crop injury was evaluated by grading 100 sunflower plants
in middle rows on a scale of 0% to 100%, with 0% being
safe and 100% being complete mortality of the seedlings.
Shikimic acid levels of seedlings were determined using the
method of Henry et al. (2007) with small modifications.
Twelve discs from the youngest leaves (approximately 4
mm diameter) were taken with cork borer and placed in a
cooler for transport from fields to the laboratory. Each leaf
sample was put into a vial to which 1 mL of 0.25 N HCl
were added before being placed in a freezer (−20 °C). The
samples were melted at 60 °C during 30 min, and a 50 µL
aliquot was taken from each. Before incubation for 90 min
at 60 °C, 50 µL of 0.25% periodic acid + 0.25% m-periodic
acid were added. A 100-µL mixture consisting of 0.6 N
sodium hydroxide and 0.22 M sodium sulfide was added to
each vial. Background light was quantified using a sample
taken from the untreated control, and optical density of
the samples was measured in a spectrophotometer at 380
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nm. A calibration curve for shikimate was created using
0.01–1 µg of shikimate in 1 mL of HCl.
Control of individual weed species in all treatments
was visually evaluated at 28 DAT, using a rating scale of 0%
to 100%, where 0 indicates no injury and 100 represents
complete control. The efficacy of herbicide treatments
with regard to yield was determined at harvest time
(Alonso-Prados et al., 2002; Khan et al., 2003; Tyagi et al.,
2013; Serim and Maden, 2014). To avoid side effects, five
sunflower plants were randomly selected for evaluation
from the middle rows of each plot. Immature seeds were
cleaned manually, and sunflower seed yields were adjusted
to 10% moisture. The data were analyzed with ANOVA
with mean separation with the use of Fisher’s Protected
LSD test at a P value of 0.05 using SPSS statistical software
(SPSS, 2004). Prior to analyses, visual weed control data
was transformed using arcsine of the square root in
order to normalize the variances within treatments; but
nontransformed means are presented in Tables 2 and 3 for
clarity.
3. Results and discussion
3.1. Effects of herbicides on sunflower
Weed species in the experimental fields are shown in Table
4. These weed species have been commonly found in row
field crops in Turkey, especially sunflower and maize fields
(Zengin, 1999; Kır and Doğan, 2009; Tursun et al., 2016;
Başaran et al., 2017). Selective herbicides caused slight,
temporary injury or no injury at 28 DAT. Glyphosate
application resulted in damage to sunflower seedlings in
some plots where the space between the rows was less
than 70 cm due to row distortion caused by heavy rains in
2015. Aclonifen used both intrarow and interrow on weeds
caused transient injury to sunflower seedlings at all sites in
both years; however, the symptoms disappeared at 28 DAT.
Quizalofop-P-ethyl treatments did not cause any injury to
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Figure 2. Row crop hooded sprayer (a. schematic representation of the sprayer and its components mounted on a tractor; b. side view
of the sprayer).

the sunflower seedlings. In Tekirdağ, crop injury caused by
glyphosate applied using the hooded units was observed
in some plots where the seeds had not been properly
sowed. Injury symptoms were primarily chlorosis, leaf
cupping, and growth reduction. Shikimate levels of the
leaves suspected to have glyphosate contact showed that
the plants were exposed to the herbicide at various rates

(Tables 2 and 3), despite glyphosate-related injury being
very limited in Tekirdağ and Ankara in 2015 (P < 0.05). In
the following year, glyphosate did not cause any significant
injury in sunflower seedlings.
3.2. Effects of glyphosate on inter-row weeds
Common cocklebur control was 90%–93% and 93%–95%
depending on glyphosate rates in Tokat and Tekirdağ,
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Table 2. Effect of glyphosate, glyphosate + selective herbicides, and selective herbicides applied on weeds in Ankara and Tekirdağ in
2015 (%).
Ankara
Rates kg ai ha

−1

Herbicide

1.44 + 0.75

Glyphosate + aclonifen

2.88 + 0.75

Glyphosate + quizalofop-p-ethyl

1.44 + 0.05
2.88 + 0.05

Tekirdağ

SINAR

GALAP

HORVX

XANST

IR

InR

IR InR

IR

IR InR

IR

InR IR

InR IR

100
A*
97
B
92
C
100
A
91
C

95
A
92
A

81
A
78
A

-

-

95
A
95
A
95
A
93
A
44
B

41
A

95
A
95
A
92
A
95
A
74
B

81
C
94
A

83
C

92
A
93
A
89
A
91
A

71
A
78
A

89
A

91
B
83
C
95
A
96
A
81
C

-

91
A
88
B
-

InR
-

34
A
39
A
-

POLCO

CHEAL

68
A

100
A
93
B
94
B
88
C
89
C

-

CYNDA
InR

84
B

90
A
98
A
95
A
97
A

89
A
83
A

-

-

-

-

Aclonifen

0.75

Quizalofop-p-ethyl

0.05

-

-

-

84
A

85
A

-

-

-

-

-

-

93
A

85
A

Untreated control

-

-

-

-

-

-

-

-

-

-

-

-

-

-

NS

2.3 0.5

4.7

NS 2.6 2.6

NS

NS

LSD

2.3

NS NS

4.3 NS

-: No efficacy; LSD: The least significant difference (P < 0.05); IR: Interrow; InR: Intrarow; SINAR: Sinapis arvensis; GALAP: Galium
aparine; HORVX: Hordeum vulgare; XANS: Xanthium strumarium; POLCO: Polygonum convolvulus; CYNDA: Cynodon dactylon;
CHEAL; Chenopodium album.
* Means followed by the same letter within a column are not significantly different according to Fisher’s Protected LSD (P ≤ 0.05).

Table 3. Effect of glyphosate, glyphosate + selective herbicides, and selective herbicides applied on weeds in Tokat and Ankara in 2016
(%).
Tokat
Herbicide

Rates

Ankara

POLCO

CONAR

XANTS

SINAR

CONAR

IR

InR

IR

InR

IR

InR

IR

InR

IR

InR

66
A*
75
A

25
A
23
B

94
A
-

96
A
94
AB
96
A
93
B
27
C
-

27
A
19
C

35
A
-

99
A
97
A
98
A
100
A
92
A
-

90
A
92
A

20
C
-

93A
A
90
A
90
A
93
A
35
B
-

31
A
28
A

72
A
-

94
AB
95
A
92
BC
93
B
23
D
-

Glyphosate +
quizalofop-p-ethyl

2.88 + 0.05

Aclonifen

0.75

Quizalofop-p-ethyl

0.05

92
B
96
AB
94
B
97
A
77
C
-

Untreated control

-

-

-

-

-

-

-

-

-

-

-

2.3

NS

1.9

0.5

3.6

NS

NS

NS

2.1

0.2

Glyphosate +
aclonifen

LSD

1.44 + 0.75
2.88 + 0.75
1.44 + 0.05

-

-

-

-

26
B
-

-: No efficacy; LSD: The least significant difference (P < 0.05); IR: Inter row; InR: Intra row; SINAR: Sinapis arvensis; XANTS: Xanthium
strumarium; POLCO: Polygonum convolvulus; CONAR: Convolvulus arvensis; CHEAL: Chenopodium album.
* Means followed by the same letter within a column are not significantly different according to Fisher’s Protected LSD (P ≤ 0.05).
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Table 4. Abundance (plant m–2) and coverage area (%) of weed species in the experimental fields.
Site

Tekirdağ 2015

Ankara 2015

Ankara 2016

Tokat 2016

Weed

Density (plant m2) Coverage (%)

Common cocklebur (Xanthium strumarium L.)

11

20

Johnsongrass (Sorghum halepense (L.) Pers.)

4

0.3

Wild buckwheat (Polygonum convolvulus L.)

3

12

Field bindweed (Convolvulus arvensis L.)

1

0.5

Common lambsquarter (Chenopodium album L.)

3

10

Common reed (Phragmites australis (Cav.) Trin. ex Steud.) 2

0.5

Bermudagrass (Cynodon dactylon (L.) Pers.)

3

1.15

European heliotrope (Heliotropium europaeum L.)

1

3

Black nightshade (Solanum nigrum L.)

2

3

Curly dock (Rumex crispus L.)

2

4

Wild mustard (Sinapis arvensis L.)

11

22.5

Catchweed bedstraw (Galium aparine L.)

4

1.2

Pipevine (Aristolochia pontica Lam.)

1

2

Common purslane (Portulaca oleracea L.)

2

5

Bermudagrass (Cynodon dactylon (L.) Pers.)

2

0.2

Field bindweed (Convolvulus arvensis L.)

1

7.5

Volunteer barley (Hordeum vulgare L.)

4

1.0

Russian knapweed (Acroptilon repens L.)

1

0.2

Bermudagrass (Cynodon dactylon (L.) Pers.)

3

0.35

Catchweed bedstraw (Galium aparine L.)

3

0.8

Common purslane (Portulaca oleracea L.)

1

3

Field bindweed (Convolvulus arvensis L.)

2

12

Wild mustard (Sinapis arvensis L.)

7

14

Pipevine (Aristolochia pontica Lam.)

1

2.5

Common cocklebur (Xanthium strumarium L.)

12

19.75

Field bindweed (Convolvulus arvensis L.)

6

14.5

Wild buckwheat (Polygonum convolvulus L.)

4

12

Quackgrass (Agropyron repens (L.) P. Beauv.)

6.5

0.8

Common purslane (Portulaca oleracea L.)

1.5

2.5

Johnsongrass (Sorghum halepense (L.) Pers.)

2

0.4

Common lambsquarter (Chenopodium album L.)

2

7

Canada thistle (Cirsium arvense (L.) Scop.)

5

8.5

respectively; however, glyphosate rates were not associated
with any significant differences in weed control in these
areas (Tables 2 and 3). Control of wild buckwheat ranged
between 92%–97% and 92%–95% with glyphosate applied
at the same sites, and glyphosate rates had no meaningful

differences in terms of weed control. In Tokat and Ankara,
all glyphosate rates gave >92% field bindweed control in
2016 (Table 3). Some glyphosate rates provided complete
wild mustard control, while some rates obtained >92%
weed control. The differences observed between herbicidal

360
Published by Research Showcase @ UMarin, 2018

7

TURKISH JOURNAL OF AGRICULTURE AND FORESTRY, Vol. 42 [2018], No. 5, Art. 6
SERİM et al. / Turk J Agric For
effects were attributed to the continuous emergence of
wild mustard after soil tillage because of the nonresidual
feature of glyphosate (Smith and Oehme, 1992). In
Tekirdağ, bermudagrass and common lambsquarters were
effectively controlled by glyphosate at varying rates, except
glyphosate + quizalofop-P-ethyl (2.88 kg ai ha−1 + 0.05 kg
ai ha−1). This unexpected reduction in control of common
lambsquarters was caused by newly emerged seedlings
soon after soil tillage. Volunteer barley control varied
between 89% and 93% in Ankara in 2015, and differences
between herbicide effects were not significant. Compared
with control of other weeds, volunteer barley control was
low with glyphosate rates because the preceding crop was
barley, and emergence of new barley seedlings occurred in
this area. In 2015, control of catchweed bedstraw ranged
between 83% and 96% under varying glyphosate rates
(Table 2). Some plots where glyphosate was applied were
heavily infested by catchweed bedstraw during the time
of herbicide application, and newly emerged catchweed
bedstraw seedlings covered by other seedlings were not
affected by glyphosate.
3.3. Effects of quizalofop-P-ethyl and aclonifen on
intrarow and interrow weeds
Quizalofop-P-ethyl effectively controlled volunteer
barley and bermudagrass not only intra-row, but also in

conventional treatment plots in Ankara and Tekirdağ
(Table 2). Aclonifen gave excellent wild mustard control
(89% and 94% in Ankara in 2015 and 2016, respectively),
while common cocklebur and field bindweed were not
controlled (Tables 2 and 3). Control of wild buckwheat
by aclonifen was fair in Tekirdağ and Tokat (Tables 2 and
3), while common lambsquarters control was good in
Tekirdağ (Table 2). Catchweed bedstraw control was 81%–
83% by aclonifen at the recommended rate alone, but 88%
and 91% together with 1.44 and 2.88 kg ai ha−1 glyphosate
rates, respectively (Table 2).
3.4. Effects of herbicides on the sunflower seed yield
Seed yield losses caused by weeds in Ankara were 15.9%–
55.4% and 3%–32.2% in 2015 and 2016, respectively (Table
5). One reason for the differences in seed yield reduction
in these years is related to the weed flora of experimental
areas (Table 4). Weed infestation in plots in 2016 was lower
than in 2015. Another reason could be the high amount
of precipitation in 2015. Several studies have investigated
the negative impacts of environmental stress conditions
such as temperature, drought, and cold on herbicide
absorption by plants compared to absorption in a stressfree environment (Zhou et al., 2007; Naughton, 2013).
In drought conditions, as in 2016, herbicide absorption
is restricted, which prevents suppression of weeds. In

Table 5. Effect of glyphosate, glyphosate + selective herbicides, and selective herbicides applied on sunflower in Ankara, Tekirdağ, and
Tokat*.

Herbicide

Ankara-2015
Injury SC

Rates

Yield

kg ai ha

%

µg mL

1.44 + 0.75

0

0

2.88 + 0.75

3

0.733

1.44 + 0.05

0

0

2.88 + 0.05

0

0

Aclonifen

0.75

0

0

Quizalofop-p-ethyl

0.05

0

0

Untreated control

-

0

0

LSD

-

-

-

−1

Glyphosate + aclonifen

Glyphosate + quizalofop-p-ethyl

Tekirdağ-2015
Injury SC

−1

kg ha

−1

2028
A**
1793
B
1500
C
1547
C
1861
AB
1076
D
904.4
D
197

%

µg mL

0

0

0

0.237

0

0

5

1.077

0

0

0

0

0

0
-

-

−1

Tokat-2016 Ankara-2016
Yield

Yield

Yield

kg ha

kg ha

kg ha−1

2444
AB
2568
A
2213
CD
1963
E
2325
BC
2034
DE
1703
F
201

5839
A
5762
AB
5362
B
5561
AB
4334
C
3229
D
3112
D
411

1672
B
1880
A
1313
C
1555
B
1540
B
1346
C
1274
C
183

−1

−1

SC: Shikimate concentration; LSD: The least significant difference (P < 0.05); IR: Interrow; InR: Intrarow.
* No important injury symptoms were observed in seedlings at 28 DAT in 2016. **Means followed by the same letter within a column
are not significantly different according to Fisher’s Protected LSD (P ≤ 0.05).
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Tekirdağ yield reduction caused by weed competition
was 13.2%–33.7%, depending on herbicide rates, while
the reduction in Tokat ranged from 3.6% to 46.7% (Table
5). Similar to the results in Ankara, Tokat had a greater
seed yield due to precipitation and irrigation compared to
Tekirdağ (Figure 1).
4. Conclusion
Glyphosate, which is a valuable and effective weed
management tool currently available for controlling
weeds that are not killed with aclonifen or quizalofopP-ethyl in a CCPS using special sprayers like CHFS, in
general, controlled all weeds effectively in its control
range. Glyphosate + aclonifen (1.44 + 0.75 and 2.88 +
0.75 kg ai ha−1) provided higher weed control and seed
yield compared with the other treatments. Using a CHFS
to apply nonselective total herbicides could decrease
herbicide costs because glyphosate is four and two
times less expensive than aclonifen and quizalofop-P-

ethyl, respectively. Combining glyphosate and aclonifen
increased sunflower seed yield by 9%–34.7% compared
to the conventional aclonifen treatment. The treatment
of glyphosate and quizalofop-P-ethyl gave 8%–72%
more seeds than the conventional quizalofop-P-ethyl
application. Prerequisites for using glyphosate with HFS
are proper seed sowing and uniform interrow spacing.
Using more than one mode of action in the same field
might help delay herbicide resistance. CFS can help save
time and gasoline by applying two herbicides at the same
time for interrow and intrarow application together. It also
reduces carbon emission. This system may be used with
other nonselective and selective herbicide combinations in
various crops.
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